Activation of S6 kinase by repeated cycles of stretching and relaxation in rat glomerular mesangial cells. Evidence for involvement of protein kinase C.
Quiescent rat glomerular mesangial cells were exposed to repeated cycles of stretching and relaxation, and the effects on the rate of collagen production, proliferation, and S6 kinase activity were investigated. Stretch/relaxation induced increases in production of both collagen and non-collagenous proteins. Proliferation of mesangial cells was stimulated by stretch/relaxation and epidermal growth factor, but not by angiotensin II; however, administration of angiotensin II augmented stretch/relaxation-induced cell proliferation. Cytosolic S6 kinase activity was stimulated by stretch/relaxation, angiotensin II, epidermal growth factor, or phorbol 12-myristate 13-acetate. The increased S6 kinase activity was detectable within 30 min after initiation of stretch/relaxation and was blocked by either inhibitors of protein kinase C or prior down-regulation of protein kinase C following prolonged incubation with phorbol 12-myristate 13-acetate. Both translocation of protein kinase C from the cytosolic to the membrane fraction and phosphorylation of an endogenous 80-kDa protein were observed within 5 min of initiation of stretch/relaxation. These results demonstrate that in mesangial cells, mechanical factors alone can induce increases in production of collagen and non-collagenous proteins and in cell proliferation. The observation that stretch/relaxation induced stimulation of S6 kinase activity through protein kinase C-dependent mechanisms suggests that activation of protein kinase C may be a key event in initiating adaptive responses of mesangial cells to increased workload.